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4.6 Trade Studies 1 

Trade Studies is the System Engineering (SE) element used by multidisciplinary teams to 2 
identify the most balanced technical solutions among a set of proposed viable solutions.  It is a 3 
key tool in developing designs that meet stakeholder requirements in the most cost-efficient 4 
manner possible.  The application of Trade Studies prevents program/project management from 5 
committing too early to a design that may not be cost-effective or meets all system 6 
requirements.  Through Trade Studies, desirable and practical alternatives that better combine 7 
cost and effectiveness may be identified, resulting in beneficial selections among the 8 
alternatives.  Figure 4.6-1 depicts the Trade Studies Process-Based Management chart.   9 

Figure 4.6-1.  Trade Studies Process-Based Management Chart 10 

Conducting Trade Studies involves evaluating two or more alternatives to select a preferred 11 
option.  The Trade Studies process balances such considerations as cost, reliability, testability, 12 
supportability, survivability, compatibility, and producibility during each phase of the product 13 
development cycle.  14 
A disciplined Trade Studies process is required to fairly evaluate alternative concepts and 15 
designs.  The process requires that any affected discipline participate in the program/project to 16 
the extent needed to arrive at the best-balanced requirements solution.  Typically, a Trade 17 
Studies leader, who is not a stakeholder in any of the proposed solutions, helps to focus and 18 
coordinate the flow of information that occurs during the Trade Studies process. 19 

Trade Studies may be formal and informal, with different emphases, depending on when in the 20 
program lifecycle they are conducted.  It is appropriate to develop a Trade Studies plan 21 
(Integrated Technical Planning (Section 4.2)) for each major problem or issue for which 22 
alternatives are being considered. 23 
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This section describes the Trade Studies process as a formal decisionmaking methodology 24 
used to select among alternative concepts, designs, products, or approaches that satisfy the 25 
system implementation and to resolve any conflicts that arise during the system’s lifecycle. 26 

4.6.1 Introduction to Trade Studies 27 

Trade Studies are conducted within and across disciplines to support decisions at any phase of 28 
the program’s lifecycle.  The process quantifies and/or qualifies the consequences of selecting 29 
various system alternatives in terms of metrics that are traceable to customer requirements and 30 
are declared by project management to be project objectives.  They support the allocation of 31 
performance requirements and the determination of design constraints and are used in 32 
evaluating alternative functional architectures obtained from Functional Analysis (Section 4.4).  33 
In general, the results of the Trade Studies process may be quantitative or qualitative in nature. 34 
Trade Studies may be performed at any step in the system’s lifecycle, but the process begins at 35 
the Mission Analysis (MA) phase and continues through first article production.  For example, 36 
the major goal of the Investment Analysis (IA) phase is to define a set of system requirements 37 
that meet the goals and objectives of a mission or a system at an affordable cost and with an 38 
acceptable level of risk.  During this phase, Trade Studies may be used to select among 39 
competing sets of requirements that define alternative system concepts.  In a similar manner, 40 
the Trade Studies process is used to assist SE.  41 

The following list summarizes the use and emphasis of Trade Studies in the program’s lifecycle: 42 

MA phase: 43 

• Define mission requirements  44 

• Resolve conflicting high-level customer requirements 45 

• Evaluate alternative high-level requirements to meet mission needs 46 

IA phase: 47 

• Compare technologies and approaches  48 

• Evaluate concepts to meet high-level requirements  49 

• Select alternative system configurations for further study 50 

• Select concept for preliminary design development and conceptual layouts 51 

• Support Functional Analysis (Section 4.4) and allocation of performance requirements 52 
(alternative architectures) 53 

• Establish system configuration 54 

• Support decision for new product development versus nondevelopment products  55 

• Establish system, subsystem, and component configurations 56 

• Select testing methods  57 

• Determine installation locations; check for fit and compatible environment 58 

• Detail design 59 

• Define a best-value design solution that satisfies all system requirements 60 
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• Support detailed design analysis 61 

• Compare manufacturing processes 62 

• Determine best order of assembly 63 

Solution Implementation (SI) phase: 64 

• First article, full-scale development 65 

• Resolve unexpected manufacturing issues, such as changing the order of assembly or 66 
revising a manufacturing process 67 

• Select alternative designs, solutions (operations, maintenance, integrated logistic), 68 
procedures, and configurations 69 

4.6.1.1 Trade Studies Objectives 70 

Trade Studies are conducted at the program’s different lifecycle stages to discover the best-71 
value solution, best value to the government, and best value to a set of requirements from 72 
technical, cost, or schedules points of view.  Trade Studies, also referred to as tradeoff studies 73 
or selection studies, are performed for a variety of purposes, including to: 74 

• Choose among alternative design and implementation strategies and solutions based on 75 
architecture, performance, and cost in order to meet stakeholder requirements 76 

• Recommend commercial-off-the-shelf (COTS) products for acquisition 77 

• Perform make versus buy analyses, or buy versus lease analyses (Office of 78 
Management and Budget (OMB) Circular a.76, Outsourcing Decision) 79 

• Recommend a supplier for services  80 

• Document and justify the selection of a solution for a system requirement 81 

• Reduce risk 82 
Trade Studies provide an objective determination of comparative metrics for various system 83 
options.  An essential aspect of the analyses performed for these studies is that consistent, 84 
configuration-controlled parameters be used in the computations to ensure comparison of likely 85 
system solutions. 86 

4.6.1.2 Participants 87 

All elements of the project organization are responsible for Trade Studies.  The process requires 88 
the participation of various interdisciplinary skills in an integrated manner with the objective of 89 
producing an optimum system design. 90 

Design, manufacturing, test, operations, and product support perform lower-level Trade Studies 91 
that involve subsystems, components, subcomponents, and software.  In the event of utilization 92 
of system-level resources contention, program/project management coordinates with the 93 
stakeholder organizations to resolve issues and establish priorities.  It is recommended that 94 
Trade Studies affecting hardware and software account for system issues related to software, 95 
operations, procedures, training, and other nonmaterial-related solutions. 96 

To determine impacts across interfaces, it is recommended that SE integrate the Trade Studies 97 
performed by various groups. 98 
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4.6.2 Inputs to Trade Studies 99 

Inputs to the Trade Studies process may be divided into two categories: stakeholders and 100 
project.  The stakeholder inputs include the operations concept, program requirements, and 101 
system requirements.  The project inputs include design analysis report (DAR), Functional 102 
Architecture (Section 4.4), DAR (Section 4.8), results from Validation and Verification (Section 103 
4.12), and Lifecycle Cost Estimates from Lifecycle Engineering (Section 4.13). 104 

The Trade Studies process presupposes that alternatives have been identified that are 105 
evaluated as specified by the process objective.  To complete this task: 106 

• Requirements, Constraints, expectations, assumptions, goals, and regulations shall be 107 
clearly understood  108 

• Design options, including Baseline and other criteria, shall be provided or developed 109 

• Relevant plans and documents shall be provided 110 

4.6.3 Trade Studies Process Tasks 111 

The methodology to evaluate system alternatives is described in the following paragraphs.  The 112 
Trade Studies process consists of the following tasks: 113 

• Determine scope and ground rules 114 

• Define evaluation criteria and weighting factors 115 

• Select alternative solutions (brainstorm possible solutions), if not provided 116 

• Down-select alternatives 117 

• Evaluate alternatives 118 

• Perform sensitivity analysis 119 

• Review results and form conclusions 120 

• Document the Trade Studies 121 

These steps seldom are performed sequentially.  Certain steps, such as definition of evaluation 122 
criteria, may be repeated several times as alternatives are defined and evaluated.  Figure 4.6-2 123 
depicts the overall Trade Studies process. 124 

  125 

 126 

 127 
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 128 
Figure 4.6-2.  Trade Study Process 129 

4.6.3.1 Task 1:  Determine Scope and Ground Rules 130 

To complete Task 1, perform/consider the following checklist of actions/issues: 131 

• Determine the specific goals of the Trade Studies and the Requirements to be met 132 
before establishing the scope and methods of the study:   133 

− Consider all viewpoints of stakeholders (e.g., users, developers, managers, and 134 
operations and maintenance personnel) to accomplish this goal   135 

− Ensure that input is obtained from all customers associated with the study and that 136 
the stakeholders’ viewpoints are clearly understood and documented 137 

− Understand and resolve differences between competing viewpoints and any 138 
underlying biases before continuing the evaluation process 139 

• Use the methodology described in Requirements Management (Section 4.3) to define 140 
and analyze the Requirements for the Trade Studies:  141 

− Select Requirements to bound the Trade Studies into four major categories: 142 
functional, performance, operational, and programmatic   143 

− Base the Requirements on the goals established for the study and adjust the level of 144 
detail of the Requirements to the scope of the particular study 145 
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− Ensure that the Requirements, which are used as a basis for criteria against which 146 
alternatives are evaluated, are accurate, unambiguous, verifiable, complete, and 147 
appropriate   148 

− Obtain the customer's approval on the goals and Requirements for the tradeoff study 149 

• Define the system’s goals and objectives and identify the Constraints to satisfy:   150 

− Recall that in the early phases of the system’s lifecycle, the goals, objectives, and 151 
Constraints are usually stated in the operational terms; when the system architecture 152 
and design have been determined or established, the goals and objectives are 153 
usually stated as performance requirements 154 

• Spend time up front clearly defining the problem and jointly coordinating with the 155 
respective internal and external customers the key Requirements that any solution 156 
needs to meet.  Achieving consensus with affected team leaders regarding the real 157 
problem to be resolved saves significant time in the overall process.   158 

• Establish a multidisciplinary team that is able to support the analysis effort from start to 159 
finish.  Having expertise within each discipline ensures that alternatives are thoroughly 160 
evaluated, leading to the most accurate assessment results.  Available budget and time 161 
control most studies; therefore, when equipped with this information, team members 162 
realize how far they may pursue alternatives.   163 

• Develop an attainable schedule as well as identify major Trade Studies milestones.  It is 164 
recommended that the degree to which excursions from the baseline concept are 165 
allowed also be defined.  A study lacking clear boundaries easily grows far beyond the 166 
available resources. 167 

It is recommended that the Trade Studies team leader coordinate items that influence 168 
subsystems and assess the impact on his/her area.  It is also recommended that 169 
subcontractors, as well as those on the Trade Studies team, consider and identify previously 170 
developed hardware and software components, non-developmental items (NDI), and COTS 171 
hardware and software as candidates for utilization in the Trade Studies.  Additional items for 172 
the team to consider and identify are common components in different parts of development to 173 
share across development groups or across configuration items. 174 

Before the Trade Studies process is conducted, the decisionmaking body responsible for the 175 
affected baseline shall approve the Trade Studies plan. 176 

4.6.3.2 Task 2:  Define Evaluation Criteria and Weighting Factors 177 

The definitions of measures and measurement methods for system effectiveness, system 178 
performance, and system cost are related to the definition of goals and objectives and 179 
Functional Analysis (Section 4.4) performance.  These measurements are the decision criteria.  180 
Each quantitative measure shall have a defined measurement or computational method.  This 181 
task initiates the analytical portion of the Trade Studies process, as it involves using quantitative 182 
methods. 183 

The definition of evaluation criteria requires considerable engineering judgment and interaction 184 
with the stakeholder to establish the appropriate criteria, associated weights, and scoring 185 
methods.  For example, supporting missions with tight schedules requires heavy weighting of 186 
schedule risk, while supporting missions with more flexible schedules generally emphasizes low 187 
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cost while accepting higher schedule risks.  Sufficient comments shall be provided for each 188 
evaluation criterion to ensure evaluator and stakeholder comprehension.  Stakeholder approval 189 
shall be obtained before proceeding to the next task. 190 

The technical requirements that potential solutions need to achieve serve as the criteria against 191 
which alternative concepts are measured.  The selected criteria may include limits of minimum 192 
acceptable values and desirable attributes that permit judging of candidates against each other.  193 
Trade Studies leaders are encouraged to use Quality Function Deployment (QFD) to help to 194 
define the evaluation criteria and weighting factors applicable to the Trade Studies.  These 195 
criteria are defined based on the technical requirements that determine if a design is acceptable 196 
to the Stakeholder Needs. 197 

Evaluation criteria are more meaningful if they represent measurable characteristics, which is 198 
not always possible.  It is recommended that criteria on cost and programmatic risk be included.  199 
Alternatives may be evaluated based on projected fixed and variable cost using risk factors, 200 
when applicable, to derive expected costs.  It is also recommended that elements not directly 201 
related to cost (e.g., weight, production cycle time) have criteria established to associate cost 202 
with changes in the elements.  Trade Studies shall address these criteria.   203 

An experienced, multidisciplinary team shall brainstorm a list of additional criteria suitable for the 204 
study’s intent if all feasible alternatives are to be identified and thoroughly evaluated.  Each 205 
criterion shall be described to a level of detail such that its intent is clear to all team members.  206 
This detail ensures that all participants are well aware of specified and derived Requirements 207 
affecting evaluation.   208 

When a particular study is planned, the effort and cost of that study shall be balanced against 209 
the impact (e.g., cost, schedule, and technical risks) on the study’s scope and methodology.  An 210 
overly ambitious and costly study among low-impact alternatives is as serious as the failure to 211 
adequately evaluate high-impact alternatives.  For a simple evaluation of several low-impact 212 
alternatives, subjective evaluation and consensus may be sufficient.  For complex studies with 213 
higher impact, the following is recommended: 214 

• Define evaluation criteria based on the Requirements analysis. 215 

• Determine relative weights for the evaluation criteria based on the Requirements 216 
analysis. 217 

• Prepare a scoring matrix that assigns a row for each evaluation criterion and a column 218 
for each alternative to be evaluated, with comment fields for each criterion. 219 

• Define a method for assigning a score to each element in the scoring matrix. 220 

• Assign a score for each criterion for each alternative: 221 

− Select scores in such a manner that the higher the score, the more favorable the 222 
evaluation; use an odd number of integers so that the middle score represents an 223 
average rating 224 

− Use small integers, typically 0 to 5, to represent scores; a range of 0 to 2 may be 225 
adequate; a range in excess of 0 to 10 is not recommended 226 

− Determine a method of recording items that is unable to be scored; define the 227 
scoring method to be used; recording a blank for unknown information often is useful 228 
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• Prepare a weighted score matrix that assigns a row for each evaluation criterion and its 229 
weight and assigns a column for each alternative to be evaluated.  The weighted score 230 
recorded for each element in the matrix is the product of the weight for that criterion and 231 
the corresponding score in the scoring matrix. 232 

Figure 4.6-3 is a sample decision analysis matrix. 233 

 234 
Figure 4.6-3.  Decision Analysis Matrix 235 

Stakeholder approval of the proposed evaluation method shall be obtained. 236 

Stakeholders and internal technical experts are used to establish meaningful evaluation criteria.  237 
Criteria for which all potential alternatives are equal in value are not used in the evaluation 238 
because they do not add value to the process. 239 

Defining evaluation criteria often requires several iterations before the final criteria are 240 
determined.  Evaluation criteria are defined based on the analysis of Requirements.  Bias shall 241 
be avoided when evaluation criteria are established (e.g., acceptance of an existing system or 242 
product as the de facto standard for evaluation).  The following evaluation criteria are applicable 243 
to a wide range of Trade Studies: 244 

• Development cost 245 

• Lifecycle cost 246 

• Requirements compliance 247 

− Functional 248 

− Performance 249 

− Operational 250 

− Programmatic 251 

• Technical risk (Maturity) 252 
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1. Reliability, Maintainability, Availability (RMA) 253 
2. System Safety 254 
3. Quality 255 
4. Human Factors 256 
5. Electromagnetic Environmental Effects (E3) 257 
6. Hazardous Materials 258 

• Budget risk 259 

• Schedule risk 260 

• Operational complexity 261 

• Vendor assessment 262 

• System maturity 263 

• Development support tools 264 

• Test support tools 265 

• Development team familiarity with candidate hardware and software 266 

• Quality of logistics support 267 

Evaluation criteria that apply specifically to the Trade Studies shall be selected, adding 268 
additional relevant criteria, such as security, as needed.  For each evaluation criterion, 269 
established threshold values that may be used to evaluate the alternatives on a pass/fail basis 270 
shall be identified.  An example criterion is: “The system MTBF shall be 10,000 hours or 271 
greater."  For the remaining criteria, a weight and scoring range shall be assigned for use with 272 
the weighted matrix evaluation method. 273 

Criteria are ranked and grouped into three categories so that the assigned weights reflect their 274 
criticality.  The most critical criteria are assigned large weights and flagged so that any 275 
alternative with low scores for these criteria influence any subsequent analysis.  Mid-critical and 276 
noncritical criteria are assigned smaller weights; it is recommended that noncritical criteria have 277 
a negligible effect in further analysis. 278 

4.6.3.3 Task 3:  Select Alternative Solutions 279 

Once the evaluation method is established, all available resources are used to develop viable 280 
alternatives and solutions.  Trade publications, prospective bidders for service contracts, 281 
technical staff, stakeholders, and managers, as appropriate, are helpful resources in developing 282 
a set of alternatives that may potentially achieve the goals and objectives of the system (e.g., 283 
architectures, designs, COTS products).   284 

Based on defined ground rules, the alternative development phase is intended to evaluate 285 
multiple alternatives and narrow the prospects for extensive evaluation.  The importance of 286 
creativity is especially emphasized, as this task may or may not affect the alternative design 287 
solutions previously submitted. 288 

The evaluation criteria and detailed Requirements shall be used to synthesize alternative 289 
solutions.  In defining alternative approaches, developing the alternatives often requires  290 
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lower-level Trade Studies, which enables a hierarchy of design alternatives.  A trade tree that 291 
reflects the complete hierarchy of trades to address when performing the top-level Trade 292 
Studies shall be drawn.  The trade tree shall contain a number of high-level system 293 
architectures, which prevents focusing on a single architecture.  To eliminate undesirable 294 
alternatives, for each trade item in the trade tree, the tasks in the sections above shall be 295 
repeated until a complete trade tree is generated, and the objectives, Requirements, evaluation 296 
method, and evaluation criteria are defined.  Top-level objectives and Requirements are 297 
allocated to successively lower levels of Trade Studies in the trade tree.  The allocated 298 
objectives and Requirements are used to define the evaluation methodology and criteria, and 299 
evaluation is performed, as described in the following paragraphs. 300 

Each design alternative shall be thoroughly assessed.  Potential design approaches for each 301 
Requirement shall be reviewed against potential approaches for other Requirements in order to 302 
identify possible interactions.  It is recommended that interactions that might affect the cost of, 303 
or make one solution feasible, be documented and handled as linked decisions throughout the 304 
Trade Studies process.   305 

Often, risk is the deciding factor in candidate selection.  A complete technical analysis identifies 306 
and quantifies technical risks and develops contingency alternatives.  Therefore, the technical 307 
and schedule risks associated with each candidate system are identified, and the probable gain 308 
and loss for each risk are analyzed.  Also, an acceptable level of risk for a given gain is defined, 309 
and efforts are undertaken to minimize new, unproven, complex, or unusual Requirements for 310 
hardware, software, and firmware.  The use of untried elements is minimized by recommending 311 
proven substitutes whenever possible. 312 

A technical analysis of schedule risk areas is performed, and all long-leadtime items, which are 313 
the schedule drivers, are identified.  How the design affects the development schedule is 314 
discovered, and all system elements and resources that may be available when needed are 315 
determined.  All single-source items that may be potential risks are identified, and a 316 
recommended level of schedule contingency, as appropriate, is defined. 317 

Expected operational scenarios for each candidate system to assess the interactions of the 318 
design alternatives are defined.  Also, the expected system growth over the planned system life 319 
is determined to assess system design flexibility and expandability.  Because system sizing is 320 
based on the anticipated workload, every effort to ensure an accurate workload forecast is 321 
made, as improperly sized systems result in unnecessary cost and/or insufficient capacity.  322 
Human workload and scenario definitions are used as drivers to assess performance, utilization, 323 
and capacity of the system under anticipated operational conditions.  (Specialty Engineering 324 
(Section 4.8) provides guidance on this topic.) 325 

Once a set of possible alternatives has been selected, the next task is to collect data on each to 326 
support the evaluation of the measures by the selected method.  The data collection, directed 327 
by the Trade Studies leader, emphasizes the role of the disciplines, such as reliability, 328 
maintainability, integrated logistics, producibility, software, testing, operations, and costing.  329 
Figure 4.6-4 is an example of a Trade Studies table. 330 

 331 

 332 

 333 
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 334 
Figure 4.6-4.  Example Trade Study Table 335 

4.6.3.4 Task 4:  Down-Select Alternatives 336 

When numerous possible alternatives are identified, a detailed analysis of each one may not be 337 
cost-effective; therefore, down-selection of candidates is recommended.  Identifying high-risk 338 
candidates and candidates with questionable feasibility or high lifecycle cost helps to reduce the 339 
number of alternatives to be studied.  Screening the alternatives against the selection criteria 340 
eliminates these candidates.  If one of a closely grouped set of alternatives is down-selected, it 341 
is recommended that all alternatives in that group be down-selected.  Any relationship that is not 342 
the same for each down-selected alternative and the baseline becomes part of the detailed 343 
Trade Studies.  Each alternative is defined to an appropriate level of detail to differentiate the 344 
alternative with respect to the technical requirements, which typically include layouts, tooling 345 
concepts, cost studies, and other detailed analysis.  When only the down-select Requirements 346 
are the focus, the effort is simplified to only those Requirements that are different among the 347 
design alternatives and the baseline.  348 

The down-selected alternatives are provided to all disciplines involved to ensure that each has 349 
the opportunity to evaluate the impacts.  This process provides discrete impacts for each area 350 
used to select the preferred alternative.  It is recommended that this process be performed in 351 
parallel with each discipline preparing its inputs simultaneously. 352 

4.6.3.5 Task 5:  Evaluate Alternatives 353 

The next task in the Trade Studies process is to quantify the outcome variables by computing 354 
estimates of system effectiveness, underlying system performance or technical attributes, and 355 
system cost.  If the needed data has been collected and the measurement methods (e.g., 356 
models) are in place, this step, in theory, is mechanical.  In practice, considerable skill often is 357 
needed to obtain meaningful results. 358 

Recommended Task 4 actions include the following: 359 

• Perform a detailed evaluation of all approved viable alternatives.  An individual or a small 360 
group may perform this evaluation.  Record any problems or questions.  If a weighted 361 
matrix method is used, finish scoring without reference to weights or flags. 362 

Criteria Alternative 1 Alternative 2 Alternative N

Cost
Initial

Recurring

Performance

Reliability
Maintainability

Availability

Risk
Cost

Technical

High
low

Medium
Low

Low
Low

Low

Medium

Low (20%)
Low (25%)

High New Design

High

Low (10%)
Low (20%)

Medium

Low (10%)
Medium (35%)
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Low
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Medium

Low (10%)
Medium (35%)
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• Evaluate the alternative approaches relative to the evaluation criteria when performing 363 
the Trade Studies process.   364 

• Identify any alternatives with high-weighted scores that narrowly failed the pass/fail 365 
criteria.  Discuss these alternatives with the stakeholder.   366 

• Evaluate cost factors separately from the remaining evaluation criteria throughout the 367 
process.  In some cases, none of the alternatives may satisfy all pass/fail criteria.  In 368 
such cases, relax one or more pass/fail criteria, investigate additional alternatives, or 369 
report to the stakeholder that no entirely acceptable alternative has been found. 370 

Ideally, all input values are precisely known, and models perfectly predict outcome variables.  371 
Since this case is not typical, it is recommended that the Trade Studies leader supplement point 372 
estimates of the outcome variables for each alternative with computed or estimated uncertainty 373 
ranges.  For each uncertain key input, it is recommended that a range of values be estimated.  374 
Using this range of input values, the sensitivity of the outcome variables may be gauged, and 375 
their uncertainty ranges calculated.  Figure 4.6-4 is an example of a Trade Studies table. 376 

The baseline reference method, relative rank method, and cost assessment method are several 377 
methods used to evaluate alternatives and are discussed in the following paragraphs.   378 

4.6.3.5.1 Baseline Reference Method  379 

The baseline reference method requires a baseline or legacy design and a set of associated 380 
databases on the use of that design.  Alternatives are evaluated against the baseline design or 381 
other reference using the selected evaluation criteria.  If an alternative is clearly better than the 382 
baseline, it is marked as a plus (+); clearly worse than the baseline (-); same as baseline (S); 383 
and unacceptable as the baseline (U).  This evaluation requires a team effort of all disciplines 384 
participating in the study, with team agreement for each rating.  It is recommended that notes be 385 
maintained as to why ratings are given for each relationship.  Using numbers or ++/-- may 386 
expand the sensitivity of the +/- system.  However, doing so slows the evaluation process and 387 
places dangerous emphasis on the matrix as a tool that delivers answers more definitive than 388 
the process warrants.  When making the +/- decision, the magnitude of the difference shall be 389 
considered; however, the process of marking an only marginally better feature as + compared to 390 
the baseline shall be avoided. 391 

Generally, alternatives with a U relationship are eliminated, or the U condition is removed; 392 
however, there are exceptions to this rule.  An exception may be when the Trade Studies 393 
process is conducted to determine whether there are sufficient benefits from an alternative to 394 
justify a request for a specification change.  Also, an alternative in a study may present itself 395 
that significantly improves the overall system performance but requires a specification change.  396 
It is recommended that common sense be used when U relationships are evaluated and that the 397 
users' needs be considered. 398 

Once relationships are defined for each alternative and technical requirement, the overall value 399 
of merit of the alternative is calculated.  A value of +1 is assigned to each (+) rating, and a -1 to 400 
each (-) rating.  A relative weight may also be assigned to each evaluation criterion if not all 401 
criteria are considered equal.  QFD may help to determine this importance weighting.   402 

It is recommended that the following actions be taken when the baseline reference method is 403 
used:  404 
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• Multiply the importance weighting and the evaluation and then perform the sum 405 
calculation for each alternative.  No calculation is performed for the same evaluations 406 
because this method of evaluation is relative to the baseline.  The overall importance 407 
rating is a figure of merit for each alternative.  The higher the importance rating, the 408 
better the alternative for the given design requirement.  However, this guide is only 409 
relative.  Do not differentiate alternatives by closely grouped importance ratings.  If, for 410 
example, three concepts fall in a range of 10-20 and the other is -30, the alternatives in 411 
the group 10-20 are basically equivalent. 412 

• Review each alternative to gain an overall understanding of the meaning of the final 413 
importance rating.  It is recommended that the team review all the alternatives with 414 
negative relationships and develop supplemental alternatives that eliminate these 415 
negatives, resulting in additional viable alternatives.  Some of these alternatives use 416 
portions of the previously developed alternatives.  The development and evaluation of 417 
subsequent alternatives shall follow the procedures used for initial alternative 418 
development.  When supplemental alternatives are developed, low sensitivity of the +/- 419 
system is avoided.  Developing supplemental alternatives is critical to a successful 420 
Trade Studies.  A "zero change" option normally is included for comparison. 421 

4.6.3.5.2 Relative Rank Method 422 

The relative rank method uses the Kepner and Tregoe technique to evaluate alternatives.  This 423 
technique evaluates each alternative against the selected criteria and establishes a ranking for 424 
each criterion.  Weighting of the criteria is defined by category, while the trade options are 425 
graded in their appropriate columns according to the scaling factors over the range 0 to 4.  The 426 
average ranking within each category is multiplied by the criteria weighting to determine a score.  427 
Scores are summed across the criteria for a total.  428 

4.6.3.5.3 Cost Assessment Method 429 

The cost assessment method is similar to the baseline reference method, with the exception 430 
that the alternatives are reduced to rough order of magnitude (ROM) estimates of fixed and 431 
variable costs.  Elements that do not reduce directly to cost (e.g., weight, production cycle time) 432 
are translated to cost using common criteria described in “Task 2: Define Evaluation Criteria and 433 
Weighting Factors” (Paragraph 4.6.3.2).  If risks are present, risk projections are used to 434 
calculate an expected value. 435 

As cost is a major factor in selecting among candidate systems during system design, 436 
development, implementation, and operational costs shall be considered when the lifecycle 437 
costs of candidate system configurations are evaluated.  A refinement of earlier ROM cost 438 
estimates is required to complete the information needed to select the system configuration.  It 439 
is recommended that the estimate include estimates submitted by major subcontractors and 440 
vendors and contain sufficient cost detail to answer client questions. 441 

In addition, it is recommended that the following actions be taken when the cost assessment 442 
method is used: 443 

• Determine the relative complexity and risk of each candidate system configuration.   444 

• Identify how each candidate system configuration proposes to handle stringent system 445 
requirements, such as response time, transaction processing time, and throughput.   446 
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• Analyze how each candidate configuration meets special system requirements for a high 447 
level of reliability and availability or for quick recovery or automatic failover.  448 

• Highlight key factors that result in lower cost and risk.  Discuss the factors with the 449 
stakeholder, including the option of analyzing a more simple system that addresses only 450 
the most critical requirements set.  This type of analysis gives the stakeholder a 451 
minimum system cost benchmark to assess cost of the candidate system and 452 
functionality of each requirement. 453 

• Include the tradeoffs among hardware, software, and manual operations as part of the 454 
cost analysis, and identify the most sensitive cost drivers of each candidate system.  If 455 
the system has security requirements, also consider security cost drivers. 456 

4.6.3.6 Task 6:  Perform Sensitivity Analysis 457 

Sensitivity analysis is used when the solutions are nearly equivalent in scoring and, in some 458 
cases, may be required even if the scoring is equivalent. 459 

Recommended Task 5 actions include the following: 460 

• If using a weighted matrix evaluation method, analyze all alternatives to determine if the 461 
differences between the scores are truly significant and if minor variations in the raw 462 
scores and weights might affect the selection.  Reference any questions or problems 463 
noted by evaluators.  For each compliant alternative, including any solution that is 464 
compliant based on redefined pass/fail criteria, determine if any weighted score or total 465 
for a group of related weighted scores is sensitive to variation of weights or scores. 466 

• Evaluate the effect on weighted scores of varying weights.  If some weights are 467 
determined by compromise, the range of reasonable values discussed during the 468 
definition of evaluation criteria (Paragraph 4.6.3.2) provides useful guidance for such 469 
variation. 470 

• Evaluate the sensitivity of weighted scores to variation of scores.  If a number of 471 
evaluators have evaluated the alternatives against a given criterion, the range of scores 472 
recorded provides useful guidance for such variation. 473 

• Record the ranges of scores and weights evaluated for each criterion.  Compute the 474 
upper and lower bound for weighted scores (and groups of weighted scores).  Document 475 
the data in a matrix corresponding to the score and weighted score matrices. 476 

• By inspection or use of a suitable statistical test, determine if any of the variations are 477 
large enough to require special attention (i.e., more detailed investigation to ensure the 478 
accuracy of the evaluation). 479 

• Evaluate the effect on weighted score totals, including or excluding criteria flagged as 480 
noncritical. 481 

Typical outcomes of the sensitivity analysis and review of results include the following: 482 

• Case 1: One alternative emerges as the optimal choice if it meets all critical 483 
requirements, has the highest weighted score (with a range that does not overlap the 484 
range of another alternative), and has the lowest cost. 485 

• Case 2: A cluster of alternatives is acceptable (i.e., each alternative in the cluster 486 
satisfies all critical requirements, its weighted scores have overlapping ranges, and its 487 
cost is competitive). 488 
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• Case 3: No single, entirely satisfactory alternative is found. 489 

Case 1 is the most straightforward for the stakeholder.  Case 2 may be resolved by reviewing 490 
evaluation results with the stakeholders.  If a weighted matrix evaluation method is used, 491 
inspecting the score and weighted score matrices may reveal patterns that are helpful and clear 492 
in the decisionmaking process.  A review of weights and criteria may indicate that weights may 493 
be modified, which may resolve the overlap.  Additional factors may be identified as criteria to 494 
resolve the overlap.  If the overlap of weighted scores persists, the lowest-cost alternative may 495 
be selected.  Case 3 is the most difficult to resolve.  A review of evaluation criteria, especially 496 
pass/fail and critical criteria, may indicate that no satisfactory alternative has been identified by 497 
the study.  In this case, engineering judgment and discussions with the stakeholder shall be 498 
used to define additional alternatives or to accept a less than optimal alternative. 499 

Figure 4.6-5 depicts typical utility curves used for sensitivity analysis. 500 

 501 
Figure 4.6-5.  Example Utility Curves 502 

4.6.3.7 Task 7:  Review Result and Form Conclusions 503 

This part of the Trade Studies process typically presents one alternative that balances the 504 
Requirements and a "zero change" option for comparison.  While the defined decision authority 505 
makes the final decision, a recommendation by the Trade Studies team is essential.  All results 506 
shall be reviewed, any necessary additional data obtained, and evaluations and preliminary 507 
conclusions revised as needed.  Any or all parts of the study may be repeated. 508 

If the evaluation’s intent is to select a product or service, it may be useful to review preliminary 509 
conclusions with vendors to ensure that no misunderstandings have occurred.  Delaying such 510 
reviews until this phase of the evaluation avoids much of the risk of biasing the overall process. 511 

When the evaluation is completed and deemed reliable, cost estimates for each alternative shall 512 
be prepared.  Weighted scores for evaluation criteria are related to benefits associated with the 513 
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evaluated alternative.  The cost of an alternative divided by the total score for that alternative is 514 
a measure of the cost/benefits of that alternative. 515 

At this point, the alternatives are now ordered based on the technical requirements and 516 
quantified impacts.  It is recommended that changes from the baseline design technical 517 
performance and the decision criteria used during this evaluation be highlighted.   518 

4.6.4 Outputs of Trade Studies 519 

The outputs of the Trade Studies process are a report with an executive summary and a 520 
design/manufacturing decision document. 521 

4.6.4.1 Trade Study Report 522 

A Trade Study Report is prepared for each study.  The report documents the study results and 523 
provides traceability to decisions made during the program’s lifecycle.  The report provides the 524 
traceability needed to substantiate design and configuration changes to the baseline design and 525 
also documents the decisionmaking process that selected one alternative over another.  526 
Additionally, it describes the effects of selecting a particular alternative among trades and 527 
clearly notes affected areas that were included in the Trade Studies assumptions, as well as 528 
affected areas that were not included in the associated trade.  Once the report is completed, the 529 
Trade Studies leader is expected to coordinate the report with all affected team leaders before 530 
submitting it for approval and signature.  531 

The Trade Study Report is prepared using a format appropriate for documenting and 532 
communicating the results, conclusions, risks, benefits, and recommendations to the 533 
decisionmaker.  It is recommended that the format be standardized wherever possible to satisfy 534 
individual program needs.  At a minimum, it is recommended that the following be included, but 535 
not limited to:  536 

• Clear problem statement  537 

• Identification of affected Requirements  538 

• Ground rules and assumptions  539 

• Decision criteria  540 

• Resource requirements statement to accomplish the study 541 

• Schedule to accomplish (proposed and actual) 542 

• Evaluation of all potential solutions and screening matrix  543 

• Comprehensive array of feasible alternatives 544 

• Comparisons of alternatives using decision criteria  545 

• Technical recommendation of the Trade Studies team  546 

• Documentation of any decisions leading to the final technical recommendation 547 

The following is a suggested report format.  Each project may enhance the standard outline as 548 
needed by adding subsections and separately numbered items to the sections.  Each project 549 
may also add sections and subsections for special topics and delete sections and subsections 550 
that are not applicable. 551 
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4.6.4.2 Design/Manufacture 569 

Once the Trade Study Report is approved, the design decision/manufacturing document is 570 
produced, outlining the impacts and actions necessary to implement the alternative 571 
recommended in the Trade Studies into the baseline configuration.  In general, this document 572 
describes the rationale required to substantiate the change.  The report then becomes an 573 
attachment to the design decision/manufacturing document and serves as the technical basis 574 
for the option to be implemented.  The design decision document is submitted to the appropriate 575 
control authority to authorize implementation into the baseline configuration.  The control 576 
authority is also required to maintain the report and the design/manufacturing decision 577 
document for the program’s lifecycle. 578 

4.6.5 Trade Studies Tools 579 

4.6.5.1 Quality Function Deployment 580 

QFD is a methodology used to ensure that the stakeholders’ operational needs and 581 
requirements are gathered, interpreted, and deployed in developing a product or service.  The 582 
primary objective of QFD is to eliminate three major problems: difficulty in gathering and 583 
interpreting stakeholder’s requirements; loss of information; and different individuals and 584 
functions using varying interpretations of the same requirements.  QFD provides a Trade 585 
Studies tool that screens alternatives using weighted selection criteria.  QFD is recommended 586 
for use whenever: 587 
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• Stakeholder requirements are vague, ambiguous, or self-contradictory  588 

• Multiple disciplines are involved in the collection and interpretation of the requirements  589 

• Multiple solutions are feasible with no clear choice  590 

• Lack of an obvious feasible solution  591 

• Cost and/or risk appear to be unacceptably high 592 

QFD (see http://www.shef.acu.uk/~ibberson/qfd.html) requires teamwork among the multiple 593 
disciplines that make up a program/project team to address requirements from multiple 594 
perspectives.  It is recommended that QFD involve the customer, representatives from the 595 
product development and support functions, and suppliers.  It is also recommended that a team 596 
attempting to conduct a QFD exercise for the first time receive training before the start of the 597 
QFD exercise and support from an experienced product-oriented QFD expert.   598 

4.6.5.2 Modeling and Simulation 599 

Models and simulations are standard engineering tools that represent the key features of a 600 
system and the interactions of those features with each other and the outside environment.  The 601 
defining feature of any model is its purpose.  In general, a model represents how the system 602 
operates in its environment.  An excellent guideline to follow is to select the least complex 603 
model that provides the most visibility into the problem. 604 

4.6.6 Trade Studies Process Metrics 605 

Quality may be measured by the degree to which the project objectives are satisfied, as noted 606 
in “Trade Studies Objectives” (Paragraph 4.6.1.1); objectives are satisfied when they may be 607 
numerically quantified (e.g., increase of payload capability).  For imprecise objectives, project 608 
management may decide on a different type of assessment (e.g., yellow/red/green). 609 

Timeliness may be measured by compliance with the schedule.  It may be measured by when 610 
the decision support provided by the studies is available for the decision to be made. 611 

Resources consumed to reach the required decision support level may identify efficiency, 612 
which may include labor hours, computer usage, and schedule time. 613 

Cycle time may measure the duration from the creation of system alternatives to the delivery of 614 
the decision support products discussed in “Outputs of Trade Studies” (Paragraph 4.6.4). 615 

Process performance is measured and recorded on a regular basis.  Process users (teams or 616 
equivalent functions) accumulate the following metrics, at minimum, to evaluate the 617 
performance of this process: 618 

• Percentage of studies performed in which none of the alternatives emerged conclusively 619 
as the best solution, thereby driving a decision based on other factors  620 

• Percentage of studies in which the recommended alternative was not subsequently 621 
selected  622 

• Percentage of planned discipline viewpoints, as defined by the study scope, that actively 623 
participated in conducting the Trade Studies  624 
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The decisionmaker completes satisfaction assessment. 625 
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